The state of Punjab (India) has witnessed a spectacular increase in agricultural production in the last few decades. This has been possible due to high use of fertilizers, good quality seeds and increased use of water resources. This increased demand of water resources has resulted in extensive use of groundwater in the central districts of the state and surface water (canals) in 
INTRODUCTION
Globally, groundwater withdrawals total 750-800 km 3 /year (Shah et al. 2001) . Economic gains from groundwater use have been dramatic. However, in many places, groundwater reserves have been depleted to the extent that well yields have decreased, pumping costs have risen, water quality has deteriorated, aquatic ecosystems have been damaged, and land has irreversibly subsided. Excessive groundwater depletion affects major regions of North Africa, the Middle East, South and Central Asia, North China, North America, and Australia, and localized areas throughout the world (Konikow & Kendy 2005) . India, Pakistan, Bangladesh and China account for the bulk of the world's groundwater use in agriculture. This is because, whilst much public investment was devoted to surface irrigation, the bulk of Asia's agrarian growth between 1970 and 1995 was energized by a rapid rise in the use of small pumps and wells to access groundwater. These were, mainly, financed by the farmers themselves (Shah et al. 2001) .
In India, many parts of the country have been experiencing a similar problem. For example in Madras, salt water intrusion has moved 10 km inland causing many irrigation wells to be abandoned; in Gujrat, over abstraction has caused the water table to fall up to 40 m in some places (World Water Day 1998) , while in Haryana and Punjab, the farmers have been forced to replace their centrifugal pumps with submersible pumps (Chawla 2004) .
Punjab state (Figure 1 ) with only 1.6% of the total geographical area of the country, is contributing 40-50% rice, 60-65% wheat and 20-25% cotton to the central pool since last three decades. During last 35 years the area under food grains has increased from 39200 sq km to 63400 sq km. However, this impressive agricultural growth in Punjab in last 35 years has negative impacts on water resources of state. The annual water available in the state is 3.13 Mha m (Million hectare metre) against the annual demand of 4.4 Mha m. Thus, there exists a deficit of 1.27 Mha m of water that is being met by overexploitation of groundwater resources (Prihar et al. 1993 and Anon 2002) . This is evident from the fact that the numbers of tubewell has increased four folds since the seventies. The number rose from 0.3 Million in 1975 to 1.246 Million in 2007 (Anon 1975 . Almost all the central Punjab which covers 50% of the total area of the state and has good quality [EC43 dS/m] is facing a steep decline in water table. On the contrary, in the southwest Punjab, the water table has been rising due to under utilization of saline and/or sodic groundwater and seepage from canals (Chawla et al. 2010) . In a report by Punjab State farmers Commission, it has been reported that cumulative fall of water table in Central Punjab during has been more than 9 meters. However, major portion of this fall has occurred in the period from 1998 to 2005. The agricultural experts have expressed their concern about the declining water table, posing the fear of Punjab becoming a desert, if the present alarming trend of decline in water table is allowed to continue. Therefore, there is a dire need to study the groundwater behaviour spatially so as to efficiently utilize this resource for ensuring long term sustainability in agriculture and food security.
Long term data are fundamental to the resolution of many complex problems dealing with groundwater availability and sustainability (Alley et al. 1999) . Relatively simple data such as measurements of water levels in wells provide the most fundamental indicator of the status of this resource (Moench et al. 2003) . Groundwater monitoring is important to determine the extent of change and the trend over the years for groundwater fluctuation. Most countries have monitoring system of some kind, though in the case of third world countries, lack of trained manpower and physical facilities constrain their effectiveness (Aswathanarayana 2001) . The U.S. Geological Survey (USGS) has water-level data for more than a hundred years, and many State and other agencies have a long history of water-level monitoring. India maintains extensive networks of wells for monitoring groundwater levels and water quality. The Central Groundwater Board operates a network of about 10,000 monitoring wells nationwide. Groundwater entities attached to various state-level departments operate other networks. Water is a state matter under India's constitution but the central government provides much of the financing for groundwater development. In consequence, there is substantial competition for control over funding and the interpretation of groundwater data. This situation complicates scientific evaluation of groundwater conditions (Moench et al. 2003) .
In the developing countries, like India the use of modern tools like Geographical Information System (GIS) for accurate, speedy spatial analysis is lacking in general. These technologies nowadays occupy a prominent place among the modern computer tools and constitute an invaluable support in the decision making of problems with a spatial dimension (Rivas & Lizama 2008) . By creating groundwater level change maps using GIS, the behaviour of the groundwater system is visualized in a context that is easy for many people to understand. In recent years, the use of GIS has grown rapidly in groundwater assessment and management researches. Some successful applications of GIS in hydrogeology have been developed such as Maidment (1994 ), Fedra (1994 , 1995 , Kharad et al. (2002) , Sarma & Saraf (2002) , Singh & Prakash (2003) , and others.
With the above background, an attempt is made to assess the long term groundwater behaviour of the state using GIS to visually and spatially analyze water level data obtained from the state and central agencies and to identify the districts with greatest depletion of this precious resource. (i) Piedmont deposits occurring along a narrow belt along the Siwaliks locally known as ''Kandi''; (ii) The alluvial plains which are the most important groundwater reservoir; (iii) Aeolian deposits occurring in the south western part of the state; and (iv) An intermontane valley near Anandpur Sahib in Rupnagar district
Description of the area
In north-eastern part of state, the sub-surface aquifers are alluvial in nature and composed of a heterogeneous complex mass of clays, silts, fine sands, coarse sands and gravels. Hydraulic conductivity varies between 5-10 m per day and specific yield between 0.08-0.17 (Department of Soil and Water Engineering 1993). In the central part, the aquifers are alluvial and unconfined in nature and capped invariably by a soil crust of 0.60-8.0 m thickness. Hydraulic conductivity varies between 10-90 m per day and specific yield between 0.08-0.17 (Sondhi et al. 1994) . Whereas, in south western Punjab geological alluvium consists of alternate layers of clay, clay mixed with pebbles and gravels, silt and sand (Sondhi et al. 1994) . The value of hydraulic conductivity varies from 4-25 m per day and specific yield from 0.05-0.16. In addition, this region has an extensive canal network for irrigation. Currently, the state comprises of 20 districts. However, for study period, the state comprised of 17 districts, therefore the study was based on 17 districts, as data for the re-organized districts were not available (Figure 1 ). The pre-monsoon data was procured from these agencies and carefully examined for discrepancies, missing values and other errors and finally 388 wells were digitised to prepare water level maps in ESRI ArcGIS Desktop 9.3. The water table data of these observation wells was used to create a groundwater surface for different years, using universal krigging interpolation technique as it is preferred technique of interpolation for a non-stationery variable (Kumar 2007) . The water table surface map was analyzed for 0-3, 3-10, 10-20 and greater than 20 m. The classification was based on the fact that areas with water table depth between 0-3 m are either water logged or prone to water logging as rice-wheat is the prevalent cropping pattern in the state with a root zone depth upto 1.5 m and there is seasonal fluctuation of 1-2 m in water table depth. The water table depth between 3-10 m was classified as safe limit for the present study, as it is ideally suited for installation of centrifugal pump and groundwater extraction. However, this safe limit has nothing to do with the overall groundwater potential of the area. The water table depth beyond 10 m was classified as critical limit for shifting from centrifugal pump to submersible pump. The submersible pumps are more expensive, less efficient and electrical connection is mandatory and is responsible for energy crisis in the state (Aggarwal et al. 2009 ). Beyond 20 m water table is considered deep. The spatial analyst extension was used for the analysis and the areas associated with different ranges of rise, or fall of the water table were computed district wise for the study period using GIS tool.
METHODOLOGY

RESULTS AND DISCUSSION
The groundwater table maps, which were prepared, based on the spatial data analysis using GIS shows that the water tables in the study area ranges between 1.37 to 30.83 m from the ground surface for the study period (Figure 2) . The long-term behaviour of water table for 1998-2006 reveals that water table has fallen in the entire state. The minimum and maximum water table depth ranged from 1.37-2.02 m and 26.67-30.83 m respectively during the study period ( Figure  3) . A maximum annual fall of 83 cm was observed in the year 2003 and a rise of 4 cm was observed in 1999 in the state. Based on present study using GIS, the average water table depth were 7.54 m in 1998 and 11.67 m in 2006 thus indicating an average annual fall of 51.5 cm. Nearly, same figure was reported by many scientists and researchers (Takshi & Chopra 2004 , Hira 2004 . Based on the values of hydraulic heads, it was observed that the regional groundwater flow direction was from north east to southwest direction.
Based on the analysis of groundwater table maps, area under different water table depths was computed using GIS and the results are presented in Table 1 , a perusal of which indicates that during span of 8 years, area of the state was under water table depth of 0-10 m has reduced from 4.02 M ha (80%) to 2.10 M ha (42%), and area under water table depth greater than 10 m has increased from 1.0 M ha (20%) to 2.91 M ha (58%).
Also, the area that was susceptible to water logging or waterlogged has reduced from 0.24 M ha to 0.10 M ha (i.e. by 2.62%) during the study period. The waterlogged area in the state was less than 30,000 hectare in 2003 and 2005. Further, the district wise analysis was also carried out using GIS to identify the worst affected and least affected districts and the results are presented in The average annual rise/ fall in different districts of the state were computed and the results are presented in Table 3 . The average annual decline in water table was above 50 cm in nine districts of the state viz. Jalandhar (94.5 cm), Sangrur Hoshairpur (51.3 cm), Amritsar (50.4 cm) and Mansa (50 cm). District Muktsar showed an erratic trend in groundwater levels with rising behaviour in years 1998-99, 2000-2001, 2003-2004 and 2005-2006 and falling water levels in other years.
The area under critical water table depth(410 m) had also increased in these years in almost all the districts with the worst affected districts identified as Kapurthala, Jalandhar, Sangrur, Fatehgarh Sahib, Moga and Ludhiana having more than 90 per cent area under critical water table depth in 2006. 1998-1999 1999-2000 2000-2001 2001-2002 2002-2003 2003-2004 2004-2005 2005- (Table 4) . One of the primary reasons is intensive paddy-wheat rotation followed in these districts, since the eighties and decline in rainfall (Aggarwal et al. 2009 
CONCLUSIONS
The long-term behaviour of water table for 1998-2006 was studied using GIS and it reveals that water table has fallen in the entire state with an average decline of 52 cm annually. During the period under study, area of the under water table depth of 3-10 m has reduced from 75 to 40% whereas the area, beyond the critical depth has increased from 20 to 58 per cent. All the districts are facing declining water table problem.
The worst affected districts were identified as Kapurthala, Jalandhar, Sangrur, Fatehgarh Sahib, Moga and Ludhiana. Districts Amritsar and Nawanshaher are also facing sharp decline in groundwater resources. Gurdaspur and Rupnagar have been identified with maximum area under safe water table depth and good quality water.
The problem of water logging in Muktsar, Ferozpur and Faridkot districts had decreased by 11, 9 and 37% although Muktsar had fluctuating water table behaviour for the period under study.
Considering the present trend of fall in water table, it is estimated that by 2020, more than 80% of the state area would be clubbed to the area where water level is already beyond the critical level of 10 metres depth. There is, thus, an urgent need to check the decline in water table in this zone by reducing the groundwater draft and/or increasing groundwater potential. The groundwater draft can be reduced by adopting efficient irrigation practices/technologies i.e. micro irrigation, bed planting, laser levelling zero tillage, crop diversification and others (Aggarwal et al. 2009 and Hira 2009) . Legislation on the part of the government (as a state policy on the rational use of water resources) not to sow paddy before June to check the indiscriminate exploitation of groundwater The groundwater potential can be can be achieved by constructing various types of checking structures across the vast 
